Anmdineli hhts L is a Co plant having an unusual C4 leaf anatomy. Besides 
chyma cells appeared morphologically identical to bundle sheath cells, that they ran parallel to vascular bundles but were not associated with vascular tissue, that they lacked plasmodesmata between like cells but did have abundant plasmodesmata with mesophyll cells, and that they stored starch. They also found (1) that the chloroplasts of both the bundle sheath and speialized parenchyma cells had underdeveloped grana and contained many starch grains as opposed to mesophyil chloroplasts which had well developed grana and very little starch. Chloroplasts in the bundle sheath and specialized parenchyma cells were arranged centrifugally, ie. directed outward from the cell center toward the surrounding mesophyll cells (1) .
A. hirta's specialized parenchyma cells were of obvious interest since operation of the C(4 system requires rigid compartmentation and transport between mesophyll and bundle sheath cells (4) and since translocation would be favored by the typical C4 anatomy. We used the cell separation technique of Edwards et aL (7, 8) to isolate mesophyll protoplasts, specialized parenchyma cells, and bundle sheath cells of A. hirta leaves, and determined the enzyme content of each.
Plants displaying C4 photosynthesis' generally have a specific anatomical leaf structure known as Kranz anatomy (9) . This anatomical pattern consists of a radial arrangement of chlorenchyma around vascular bundles. The chlorenchyma is differentiated into an inner layer of thick walled cells comprising the bundle sheath and one or more outer layers of thin walled mesophyll cells.
Variations of this typical G4 leaf anatomy have been found. Shomer-Ilan et al. (10) characterized Suaeda monoica as a C4 plant species whose succulent leaves lack typical bundle sheaths. They found that Suaeda leaves have outer and inner layers of chlorenchymatous cells and that the inner layer surrounds water tissue rather than vascular tissue. They suggested that a chlorenchymatous cell layer need not be adjacent to vascular tissue for the operation of the C4 pathway.
Tateoka (11) found the internal leafanatomy ofseveral Garnotia and Arundinella species to be similar in that many species of each genus had "distinctive cells," chloroplast-ontaining bundle sheath type cells scattered throughout the mesophyll. Apparently, Garnotia and Arundinella are the only two genera of the Gramineae to share this feature (11) . Crookston and Moss (1) characterized these cells anatomically in the leaves of Arundinella hirta, a C4 plant species (1, 12 Figures 1, 2 , and 3 are representative of the isolated cell fractions-mesophyll protoplasts, specialized parenchyma strands, and bundle sheath strands, respectively. As shown in Figure 3 , the bundle sheath enriched fraction was contaminated, about 20%o generally, with specialized parenchyma strands (three are ewdent though out of focus). This contamination was due to specialized parenchyma cells adhering tightly to cross-veins. Rapid vibration using a Vortex mixer loosened some specialized parenchyma strands but failed to eliminate them effectively. Specialized parenchyma strands were easily isolated and purified (Fig. 2) . Bundle sheath and specialized parenchyma strands remained distinguishable due to their resistance to cellulase and pectinase even upon incubation much longer than used here. Mesophyll protoplasts were very fragile and were easily damaged by extensive purification; therefore, protoplasts were handled very carefully and simply washed two to three times. Membrane integrity of the various cell fractions was determined by exclusion of Evan's blue dye (8) .
RESULTS AND DISCUSSION
Enzyme activities of whole leaf extracts (Table I) indicate that A. hirta is a NADP-malic enzyme type C4 plant species. This is in accord with the ultrastructural and biochemical relationship discovered by Gutierrez et al. (3) for Gramineae species. According to Gutierrez et al. (3) NADP-malic enzyme species of the Gramineae lack well developed grana in bundle sheath chloroplasts (grana reduced) and the bundle sheath chloroplasts are located in the centrifugal position. These ultrastructural features were shown in A. hirta by Crookston and Moss (1) . Arundinella species lack a mesotome sheath which is also indicative of a NADP-malic enzyme C4 species (5). Bundle sheath and specialized parenchyma cells have similar Chl a/b ratios (Table I) and their a/b ratios are higher than the a/b ratio of mesophyll protoplasts, which is characteristic of C4 plants with agranal bundle sheath chloroplasts.
Enzyme activities of the various separated fractions (Table I ) indicate rigid compartmentation of enzymes which is typical of C4 plants. PEP 
